A large number of different glutathione S-transferase (GST)-tagged fusion protein systems are available and widely used to improve protein solubility as well as to achieve rapid and efficient purification of fusion proteins from crude cellular lysates using single step affinity chromatography (pGEX, pET-GST, pDEST, pESP, pCold-GST, pETGEXCT, pAB-GST, pFN2A(GST), pFN2K(GST), pXen, pHB2-GST, pHI100-GST, pTag-GSTlox, pEX-N-GST, pGS-21a, pTORG, pDS, etc.) (1, 2) The method, originally developed by Smith and Johnson (3) , consists of cloning the cDNA of the protein of interest into a vector for fusion with GST and production of large amounts of this protein. GST is a highly soluble enzyme of 26 kDa; its reversible and high-affinity binding to a matrix allows purification of the fusion proteins.
Despite the high solubility of GST, not all GST-tagged fusion proteins are solublizable. For example, Neel et al. (4) used 1.5% of the sodium salt of the alkyl anionic detergent N-laurylsarcosine (sarkosyl) to improve the solubility of GST-tagged fusion proteins. However, this detergent does not work with all GST-tagged fusion proteins, leading to the need for other types of detergents such as sodium dodecyl sulfate (SDS, Figure 1a ) (5) . Indeed, SDS is extremely effective for solubilizing membrane and membrane-associated proteins (6,7) and can solubilize proteins at much lower concentrations than sarkosyl. For example, we have recently found that concentrations as small as 0.05% SDS were sufficient to solubilize an enzyme (S. Bussieres et al., submitted). The presence of this detergent had no influence on the activity of this enzyme. However larger concentrations of SDS, typically above its critical micellar concentration (CMC, 0.17%-0.23%), could lead to some extent of protein denaturation.
During the course of the large-scale production of a GST-tagged protein, we found that the addition of a small amount of SDS prevented its purification with glutathione affinity chromatography. We thus postulated that GST may be very sensitive to the denaturating properties of SDS, even at concentrations much lower than its CMC, or that SDS could prevent the binding of GST to the glutathione matrix, presumably by blocking its binding site. Previously, it has been shown that amphipathic co-solvents such as 2-methyl-2,4-pentanediol (MPD, Figure  1b) can allow refolding of SDS-denaturated proteins and enable them to regain their active form (8) . Both SDS and MPD are known to affect the structure and solubility of proteins, but a structural study demonstrated that the SDS/MPD mixture allowed preservation of the structure of an enzyme (9) . The present study thus shows that GST cannot be purified by glutathione affinity chromatography in the presence of SDS, but that the addition of MPD counteracts this effect and allows purification of GST. Despite the presence of a GST-tag on a protein, some proteins expressed in bacteria have hydrophobicities such that they can only be efficiently solubilized by SDS and not by other milder detergents. In this case, MPD is very useful to achieve their purification.
The plasmid pGEX-4T-2 (GE Healthcare, Uppsala, Sweden) was transformed into E. coli Bl21(DE3)pLysS (Novagen, Madison, WI, USA) to express GST. The resulting cells were grown overnight in LB medium until saturation. Then, fresh LB containing 100 μg/ mL ampicillin (Sigma, St Louis, MO, USA) was inoculated with the transformed culture and incubated at 37°C under agitation (250 rpm) until A 600nm = 0.6. GST expression was then induced with 0.1 mM isopropyl β-D-1-thiogalactopyranoside (IPTG, Invitrogen, Carlsbad, CA, USA) followed by incubation for three hours at 37°C. Cells were then pelleted by centrifugation at 3750 × g for 15 min and stored at -80°C. Cell lysis, protein extraction, and purification were performed as described in the legend to Figure 2 .
Three experimental conditions were tested to attempt purification of GST: (assay A) in the absence of SDS and MPD, (assay B) in the presence of only SDS (0.05%) (Invitrogen, Carlsbad, CA, USA) and (assay C) in the presence of both SDS (0.05%) and MPD (2 M) (Sigma, St Louis, MO, USA). It can be seen in Figure 2A that high purity of GST (26 kDa) was achieved in the absence of SDS and that virtually all GST bound the glutathione matrix during loading of the column and remained bound during washing ( Figure  2A) . Moreover, Figure 2B shows that in the presence of 0.05% SDS, GST cannot bind the glutathione matrix. GST is found in the loading, the flow through, and the washing fractions ( Figure 2B Glutathione S-transferase (GST) is widely used to prepare and purify GSTtagged fusion proteins. Although GST improves protein solubility, detergents must often be used to achieve protein solubilization from bacterial lysates. However, purification of GST by affinity chromatography cannot be achieved in the presence of even low concentrations of the detergent sodium dodecyl sulfate (SDS). Here we show that 2-methyl-2,4-pentanediol (MPD) can prevent SDS from interfering with purification of GST, thus enabling purification of proteins that require SDS to improve their solubility. Figure 1. Chemical structure of sodium dodecyl sulfate (a) and 2-methyl-2,4-pentanediol (b) .
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Vol. 51 | No. 3 | 2011 of SDS may be attributed to the blocking of its glutathione binding site. Indeed, local GST conformational changes due to SDS would prevent GST binding to the column. Finally, Figure 2C illustrates that an effective purification of GST can be achieved in the presence of 0.05% SDS by using 2 M MPD, which efficiently counteracts the effect of the SDS and thus allows the binding of GST to the glutathione matrix. The supernatant is modified by the presence of MPD, which also modifies the migration of the "load" sample on the acrylamide gel. This may be the reason for the cleaner appearance of panel C ( Figure  2) . Regardless, the elution fractions can be unambiguously compared because the elution buffer does not contain any SDS or MPD.
In conclusion, this work proposes efficient experimental conditions to perform the purification of GST using affinity chromatography in the presence of SDS. Indeed, the addition of MPD to the mixture prior to loading the protein on the column allows purification of GST which was impossible in the absence of this compound. Moreover, this procedure allows removal of the detergents because the elution buffer contains no SDS nor MPD. These conditions can enable purification of GST-tagged fusion proteins requiring the presence of SDS to improve their solubility. Indeed, this very useful and effective protocol allowed us to purify retinol dehydrogenase 8, a protein of the retinoid visual cycle, which could not be solubilized by 0.1% noctyl-β-Dglucoside, 0.1% n-decyl-β-D-maltoside, 0.5% sodium cholate, 0.5% 3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate (CHAPS) or 0.1% octaethylene glycol monododecyl ether (C12E8). The use of MPD was thus very useful for the purification of this GST-tagged fusion protein, which required 0.1% SDS for its solubilization (data not shown). Cell lysis, protein extraction and purification were performed as follows. Briefly, bacteria were first disrupted by an 30 min incubation on ice followed by 3 cycles of freeze-thawing in the lysis buffer (assays A and B: Tris 50 mM (pH 7.8) (Laboratoire MAT, Quebec, Canada); assay C: Tris 50 mM (pH 7.8) and MPD 2 M). Cell suspension was then sonicated on ice during 2 min (using cycles of 10 s). Bacteria were then centrifuged at 15 000 × g during 30 min at 4°C. The pellets were discarded and SDS was added to the supernatants of assays B and C to get a final concentration of 0.05% SDS. These supernatants were then individually loaded on a 1 mL GSTrap column (GE Healthcare, Uppsala, Sweden) after equilibration with 5 column volumes of loading buffer (assay A: Tris 50 mM (pH 7.8); assay B: Tris 50 mM (pH 7.8) and SDS 0.05%; assay C: Tris 50 mM (pH 7.8), SDS 0.05% and MPD 2 M). The column was then washed with 10 to 20 column volumes of washing buffer using the same buffers for loading the protein samples in assays A, B and C (see above). Elution was achieved with a buffer containing Tris 50 mM (pH 8.0) and 10 mM reduced glutathione (Sigma, St Louis, MO, USA). Fractions were stained with Coomassie blue.
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